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Group  D  rotaviruses  (RVs-D)  have  been  documented  in  birds  and,  while  they may  be common  in these
animals,  few  molecular  studies  are  available  for  this  speciﬁc  group.  In this  study,  speciﬁc  primers  for
the gene  that  encodes  for  the  RVs-D  VP6  protein  were  designed  and  used  in a  reverse  transcription
polymerase  chain  reaction  (RT-PCR).  Thirty  pools  of  samples  were  tested  by  polyacrylamide  gel elec-
trophoresis  (PAGE)  yielding  a 30%  (9/30)  positivity.  These  pools  were  subjected  subsequently  to RT-PCR,
with  a 53%  (16/30)  positivity  rate.  The  sensitivity  of the  PCR assay  was  demonstrated  up to  a dilution
−4
roup D rotaviruses
vian
P6 gene
T-PCR
of  5 × 10 ng/L  (0.5  pg/L)  of  the  cloned  VP6  gene.  The  four  samples  were  sequenced  and  showed
90.8–91.1%  similarity  with  regards  to  the  RVs-D  VP6  gene.  To  assess  for  speciﬁcity  our RT-PCR  was  applied
to  nine  samples  known  to  contain  enteric  viral  agents  other than  group  D  rotaviruses  including picobir-
navirus,  rotavirus  group  A, and reovirus  with  negative  results.  Overall,  the  data  conﬁrm  the  speciﬁcity  of
the  primers  used  for detecting  the  RVs-D  by  RT-PCR,  suggesting  that this  assay  can  be  used  for  diagnostic
purposes.. Introduction
The infectious diseases of the gastrointestinal tract that affect
irds have a worldwide distribution and a variety of etiologies
Reynolds et al., 1987; Yegani and Korve, 2008; Lojkic´ et al., 2009).
mong the viral agents, rotaviruses are the most common viruses
n birds and are found both in birds with enteropathic infec-
ions and in healthy birds (Tamehiro et al., 2003; Villarreal, 2006;
antin-Jackwood et al., 2008). The rotaviruses belong to the fam-
ly Reoviridae,  and are non-enveloped icosahedral particles that
ontain a genome of 11 segments of double-stranded RNA, each
f which encodes at least one viral protein (Ramig et al., 2005).
otaviruses are classiﬁed into seven groups (A–G) based on the
ntigenic sites located on the VP6 protein of the internal capsid
Estes and Kapikian, 2007).
The rotaviruses that infect birds belong to groups A, D, F, and
 (Otto et al., 2006, 2011; Trojnar et al., 2010; Johne et al., 2011).
he RVs-D have been documented in birds, but a few molecular
tudies are available for this speciﬁc group because techniques
sed for detection rely mainly on the use of polyacrylamide gel
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electrophoresis (PAGE). As more sensitive molecular methods are
not available, it is likely that the true frequency of RVs-D in birds
is underestimated. Therefore there is a need for developing more
sensitive techniques in order to improve our knowledge of the
molecular diversity of RVs-D infecting birds. The aim of this study
was to develop a method to detect RVs-D in birds using on RT-PCR
assay based on the ampliﬁcation of the VP6 gene.
2. Materials and methods
2.1. Fecal specimens
The samples (n = 30) analyzed in this study were represented
by pools of fecal samples obtained from broiler chickens of the
genus Gallus in 12 farms located in four cities in Pará State, Northern
Brazilian Amazon.
2.2. RNA-PAGE
The viral RNA was  extracted from 20% fecal suspensions using
Open access under the Elsevier OA license.silica powder glass, as described by Boom et al. (1990).  After extrac-
tion these samples were tested by PAGE and RT-PCR. PAGE was
performed according to the method described by Pereira et al.
(1983).
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iig. 1. (a) PAGE migration proﬁle of the group D rotaviruses (lanes 1–4). (b) RVs-D as
f  the 742-bp fragment of the VP6-coding gene; and lane 6, the avian rotavirus gro
.3. RT-PCR
Based on the sequences reported by Trojnar et al. (2010),  spe-
iﬁc primers were designed targeting at the gene coding for the
P6 protein of the RVs-D, using the Primer BLAST program avail-
ble at NCBI. The forward primer used in this study was  RD6F
5′-GGAGGCGCTGTCTTCAATTGCG-3′) and the reverse primer was
D6R (5′-TGGCCAATAGTGTGTGGCAGCT-3′), which were used to
mplify a 742-bp fragment.
The RT-PCR for detection of RVs-D samples was  carried out in
wo steps. To obtain the cDNA, 3 L of the extracted dsRNA was
dded to the pair of primers followed by denaturation during 5 min
t 95 ◦C and chilling on ice thereafter. The ﬁrst step was reverse
ranscription carried out using a ﬁnal volume of 25 L includ-
ng 16.5 L of H2O free of RNase and DNase, 2.5 L of 10× buffer
Invitrogen), 1 L of dNTPs (10 mM,  Invitrogen), 0.75 L of MgCl2
50 mM,  Invitrogen), 0.25 L of RT (SuperScriptTM II, 20U, Invitro-
en), and 0.5 L of each primer (20 mM,  Invitrogen). The reaction
as incubated at 42 ◦C for 1 h. The second step was represented by
CR performed by adding 25 L of PCR reagents to the cDNA sam-
le for a ﬁnal reaction volume of 50 L. The PCR reagents included
8.5 L of H2O free of RNase and DNase, 2.5 L of 10× First-Stand
uffer, 3 L of dNTPs (10 mM),  0.75 L of MgCl2 (50 mM,), 0.25 L
f Taq DNA polymerase (2.5 U/L, Invitrogen), with the following
ycling conditions: 93 ◦C for 3 min, 35 cycles of 93 ◦C for 1 min, 55 ◦C
or 1 min, and 72 ◦C for 1 min, with a ﬁnal incubation at 68 ◦C for
 min. The PCR products were analyzed by gel electrophoresis on
 1.5% agarose gel with TBE buffer, and the gel was stained with
YBR Safe DNA gel stain (Invitrogen). Visualization of the 742-bp
and was conducted using a GEL DOC 1000 instrument.
To determine the sensitivity of the method, a PCR was performed
ncluding 10-fold serial dilutions of cleansed recombinant colonies
ontaining the fragment of VP6 of the RVs-D, with initial concen-
ration of 50 ng/L and ﬁnal concentration of 5 × 10−5 ng/L.
.4. Cloning and sequencing
Four samples from different farms and municipalities in the
elém area were selected to perform cloning and sequencing. The
ragments ampliﬁed by RT-PCR were cloned using the Invitrogen
OPO TA Cloning Kit, according to the manufacturer’s protocol.
pproximately 5 L of the plasmid preparations containing the
nserted amplicons were used to transform competent E. coli DH5ted by RT-PCR: lane 1, 123-bp DNA marker from Invitrogen; lanes 2–5, ampliﬁcation
ample (negative control).
cells by heat shock, and the transformed cells were plated on
Luria-Bertani medium (LB) plates containing ampicillin
(100 g/mL) plus IPTG (0.1 mM)  and X-Gal (20 g/mL). The
recombinant colonies were identiﬁed based on the white color of
the colonies and then transferred to liquid LB medium containing
ampicillin (100 g/mL) and incubated at 37 ◦C for 12 h at 250 rpm.
The presence of recombinant colonies containing the target frag-
ment was conﬁrmed by PCR using the primers RD6F and RD6R.
These PCR products were puriﬁed for nucleotide sequencing using
the QIAquick@PCR Puriﬁcation Kit, following the protocol provided
by the manufacturer.
The nucleotide sequences were determined by sequencing with
the Big Dye Terminator Kit (Applied Biosystems) using the same
primers as those used for RT-PCR. Sequencing was conducted on
an ABI PRISM 3100 automatic sequencer (Applied Biosystems).
2.5. Sequence analysis
The phylogenetic dendrogram was constructed by compar-
ing rotavirus sequences from various groups, including group A
(from humans and animals), group D (chicken/05V0049/DEU/2005
[U733448]), group F (chicken/03V0568/DEU/2003 [HQ403603]),
and group G (chicken/03V0567/DEU/2003 [HQ403604]). The anal-
ysis included the entire 742-bp sequence ampliﬁed by PCR, which
corresponded to nucleotides 3-744 of the coding region of the
VP6 gene, using the group D prototype sequence as a reference
(Trojnar et al., 2010). The sequences obtained for the VP6 gene
were aligned and edited using BioEdit (v.7.0.5.3), and the dendro-
gram was generated by MEGA 5 (v.5.05) using the neighbor-joining
method and Kimura 2-parameter model (Kimura, 1980); the relia-
bility was  tested by a nonparametric bootstrap analysis with 2000
replicates.
2.6. Statistical analysis
Statistical analysis was  performed using the software Epi-
Info 3.3.2. (http://www.cdc.gov/epiinfo) and BioEstat 5.0 (Ayres
et al., 2007). The screening test was  performed to assess the sen-
sitivity of the results obtained by RT-PCR compared with the
PAGE and the kappa test was  used to assess the reproducibil-
ity of the RT-PCR. p values ≤0.05 were regarded as statistically
signiﬁcant.
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Fig. 2. Assessment of RT-PCR sensitivity for RVs-D detection. Lanes 1–7, 10-fold
serial dilutions of cleansed recombinant colonies containing the VP6 fragment of
RVs-D, with initial concentration of 50 ng/L (lane 1). The lowest dilution yield-
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tng virus detection was  10−5 (0.5 pg; lane 6); lane 8, 123-bp DNA marker from
nvitrogen.
. Results
.1. Detection of RVs-D by PAGE and RT-PCR
Of a total of 30 pools of fecal samples examined by PAGE, nine
30%) were positive, displaying typical avian migration patterns
5:2:2:2). These results were consistent with those related to RVs-D
Fig. 1a). The same 30 pools were subjected subsequently to RT-PCR
ssay to VP6 gene showing that 16 samples (53%) were positive for
Vs-D, each generating a fragment of 742 bp as shown in Fig. 1b. The
rimers used did not yield positive results in nine (control) samples
nown to be RVs-D negative, although positive for other enteric
iruses, such as rotavirus group A (one sample), picobirnavirus (two
amples), reovirus (two samples), rotavirus group A and picobir-
avirus (one sample), reovirus and picobirnavirus (three samples).
he sensitivity of the method was demonstrated by ampliﬁcation
ollowing serial 10-fold dilutions up to 10−5 with a limit of detec-
ion which was equivalent to 5 × 10−4 ng/L (0.5 pg/L) (Fig. 2).
The comparison of the results obtained by PAGE (9/30)
nd RT-PCR (16/30) suggested good reproducibility (kappa = 0.5, = 0.0004) and in comparing the two techniques, the screening test
ad a sensitivity of 100% for RT-PCR and the sensitivity of the PAGE
as of 56.3%.
 JQ065734 RV
 JQ065735 RVD
 JQ065736 RVD
 JN703463  RV
 GU733448 RV
 FJ169858
 EF554130 RVA/Huma
 *DQ119822 RVA/Pig
 DQ870496 RVA/Cow-
 K02254 RVA/Cow-tc/
88 
100 
92 
99 
77 
99 
78 
0.1 
ig. 3. Dendrogram based on the partial (742 bp) nucleotide sequence of the VP6 gene. Th
he  cluster. Bootstrap values lower than 70% are not shown. The strains analyzed in this stal Methods 185 (2012) 189– 192 191
3.2. Sequencing
The sequences of three cDNA clones were obtained from four
samples from different municipalities in Belém area, correspond-
ing to the coding sequence for the VP6 protein, were identiﬁed
and analyzed, and sequence analysis conﬁrmed the RT-PCR results
with a 99% bootstrap value for group D rotaviruses (Fig. 3).
Compared with the RVs-D prototype, samples ch27/PA, ch37/PA,
ch69/PA, and ch105A/PA showed a similarity of 90.8–91.1%, at the
nucleotide level, to the RVs-D prototype sequence and 98.5–99.5%
nucleotide similarity between each of these four samples. In
contrast, low nucleotide similarities were obtained when com-
parison was  made between groups A (52.9–56.8%), F (53.5–54%),
and G (42.9–43.1%). The sequences for samples ch27/PA, ch37/PA,
ch69/PA, and ch105A/PA are available in GenBank (Accession nos.
JQ065735, JQ065734, JQ065736, and JN703463).
4. Discussion
The molecular diversity of rotavirus group A in birds has been
well established (Elschner et al., 2005; Pantin-Jackwood et al., 2008;
Schuman et al., 2009; Trojnar et al., 2009; Jindal et al., 2010; Ursu
et al., 2011). However, groups D, F and G have only been described
recently (Trojnar et al., 2010; Johne et al., 2011). In this study, spe-
ciﬁc primers (RD6F and RD6R) were constructed to amplify the
RVs-D VP6 protein gene based on its gene sequence. These primers
demonstrated good speciﬁcity, as they only ampliﬁed the samples
that were positive for group D rotaviruses and not those samples
positive for other enteric viruses such as group A rotaviruses, pico-
birnaviruses and reoviruses.
Worldwide, studies on the occurrence of RVs-D have been
carried out based essentially on the use of PAGE. In Brazil, dis-
tinct electrophoretic proﬁles of rotaviruses have been reported in
fecal samples of Brazilian birds using PAGE, but these studies did
not classify rotaviruses into groups (Tamehiro et al., 2003). Using
the same technique, studies in Germany (Otto et al., 2006), India
(Savita et al., 2008), and Bangladesh (Islam et al., 2009) classiﬁed
rotaviruses into groups and found that RVs-D were found most
commonly. However, detection of RVs-D using PAGE is problem-
atic, since this method is likely to underestimate the true frequency
of this group of rotaviruses due to its lower sensitivity as compared
to other molecular methods such as RT-PCR. In addition, group D(Devitt and Reynolds, 1993). Samples with lower viral titers that
are not detected by PAGE need a more sensitive detection method,
such as RT-PCR.
D/Chicken-wt/BRA/37/2009/GxP[x] 
/Chicken-wt/BRA/27/2008/GxP[x] 
/Chicken-wt/BRA/69/2009/GxP[x] 
D/Chicken-wt/BRA/105A/2010/GxP[x] 
D/Chicken-wt/DEU/05V0049/2005/GXP[x] 
 HQ403603 RVF/Chicken-wt/DEU/03V0568/2003/GXP[x] 
 RVA/Chicken-tc/DEU/02V0002G3/2002/G19P[30] 
n-tc/ITA/PA169/1988/G6P[14] 
-xx/China 
tc/USA/NCDV/1967/G6P[1] 
FRA/RF/1982/G6P[1] 
 HQ403604 RVG/Chicken-wt/03V0567/DEU/2003/GXP[x] 
e numbers adjacent to the nodes represent the percentage of bootstrap support for
udy are shown in bold type. *No complete information was obtained for this strain.
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Based on the description of the complete sequence of the RVs-D
y Trojnar et al. (2010),  it was possible to develop new techniques
or the molecular detection of RVs-D, such as RT-PCR and real-time
CR (Otto et al., 2011).
The present analysis was based essentially on the use of PAGE
nd RT-PCR for detection of RVs-D and showed that PAGE has a low
ensitivity to these rotaviruses, since only 30% of the samples had
ypical avian RNA proﬁles, whereas RT-PCR had a 53% positivity
ate.
These results demonstrate that 23% (7/30) of samples could not
e diagnosed by PAGE, suggesting the potential advantage of RT-
CR. Of note, studies on rotavirus group A have shown divergence
etween the results obtained by PAGE and RT-PCR (Otto et al.,
006). To our knowledge, the use of RT-PCR has only been reported
o detect RVs-D in one study (Otto et al., 2011). However, a direct
omparison in terms of sensitivity between our data and those from
he latter authors seems difﬁcult: while we were able to detect RVs-
 by PCR up to 5 ×10−4 ng/L of the cloned product, Otto et al.
2011) reported having detected RVs-D strains up to the limit of
0−2 dilution of the RVs-D strains.
The RT-PCR technique proposed by us enables the detection of
ore samples, providing representative data on the prevalence of
athogenic RVs-D in broiler chickens. This will improve the knowl-
dge on the infection by this rotavirus group.
. Conclusions
The results using RT-PCR suggests that it is highly sensitive
ecause ampliﬁcation could be observed up to a 5 × 10−4 ng/L
ilution of the cloned product. This method appears to be more
ensitive than PAGE for detection of RVs-D and did not amplify
Vs-D-negative samples containing other enteric viral agents and
his suggests a high speciﬁcity.
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